Fifteen patients who experienced epileptic seizures while playing video games are described together with a review of 20 cases in the English literature. Nine of the 15 cases and all but two of the reported cases experienced their first seizure while playing video games.
C D Ferrie, P De Marco, R A Gruanewald, S Giannakodimos, C P Panayiotopoulos Abstract Fifteen patients who experienced epileptic seizures while playing video games are described together with a review of 20 cases in the English literature. Nine of the 15 cases and all but two of the reported cases experienced their first seizure while playing video games. Two thirds of patients had idiopathic generalised epilepsy and mainly reported generalised tonic clonic seizures, but some had typical absence seizures and myoclonic jerks while playing video games. In this series, 30% with idiopathic generalised epilepsy had juvenile myoclonic epilepsy. Overall, 70% of patients with idiopathic generalised epilepsy were photosensitive to intermittent photic stimulation and the mechanism of seizure provocation was probably similar to that of television induced seizures, although sensitivity to specific patterns was sometimes important. Two children had self induced video game seizures. Non-photic factors such as excitement, fatigue, sleep deprivation, cognitive processing, and diurnal variation in susceptibility seemed to be important seizure precipitants, particularly in non-photosensitive patients. Twenty nine per cent of patients had partial (mainly occipital) video game associated seizures. Occipital spikes were common in the EEG of these patients. Photosensitivity to intermittent photic stimulation may have been important in two patients but in the others, who all played arcade video games, other mechanisms need to be considered. Video game associated seizures are a feature of several epileptic syndromes and differ in precipitants and appropriate management.
(i Neurol Neurosurg Psychiatry 1994;57:925-93 1) Since the first description of "space invader epilepsy" in 19811 more than 20 
Results
Fifteen patients with video game induced seizures are reported. Two were mentioned in a previous report."3 Unless otherwise stated, medical and family histories were not contributory and neurodevelopmental examination was normal. Identification of the particular video game associated with the seizures was impossible in many patients. CASE 1 This female patient had a simple febrile convulsion at 3 years of age. Since the age of 14 she had typical absence seizures, myoclonic jerks, and infrequent generalised tonic clonic seizures (GTCSs) and was diagnosed as having juvenile myoclonic epilepsy. Her first GTCS occurred while playing monopoly, the An EEG showed generalised spike/multiple spike and wave discharges on intermittent photic stimulation at flash frequencies of 12-25 and 50 Hz. CASE 6 This 38 year old man had had typical absence seizures since age 10 years and GTCSs since age 20 years. Juvenile absence epilepsy was diagnosed. His GTCSs were precipitated by sleep deprivation and alcohol. He particularly noticed absences during tasks requiring concentration for example, when playing a home video game that involved racing a car around a circuit. Absences often occurred at the most testing parts of the game causing him to crash.
Six EEGs showed generalised 3 Hz spike and wave discharges without photosensitivity. A combination of lamotrigine and sodium valproate controlled the seizures. CASE 7 This 11 year old boy often played home video games without incident. While playing "Super Mario Bros" in an arcade he felt "dizzy" with a sensation of his head falling backwards. One to two minutes later he had a short GTCS. No other precipitating factors were identified.
His EEG was normal apart from a few bursts of generalised sharp theta waves consistent with idiopathic generalised epilepsy. There was no photoconvulsive response to intermittent photic stimulation. No treatment was started. CASE 8 This 11 year old girl had a GTCS that occurred while changing television channels. Over the previous year she had had typical absences and myoclonic jerks that she found pleasurable and induced by rapidly changing television channels, particularly when emotionally upset. When this behaviour was frustrated by a new television set she induced absences, jerks, and occasional GTCSs by rapidly switching between games on a home video game.
An EEG examination showed generalised spike/multiple spike and wave discharges spontaneously with the eyes closed (but not on eye closure) and on intermittent photic stimulation. Sodium valproate suppressed her seizures. CASE 9 This 12 year old boy has a sister with television induced absences and photosensitivity to intermittent photic stimulation. Absences started at the age of [2] [3] [4] [5] years and GTCS at age 5 years. Seizures were precipitated by light or television and were so numerous as to require special schooling. Many were self induced by changing television channels. Recently his teachers reported that he had EEG examinations showed spontaneous generalised discharges and pronounced photosensitivity with generalised spike/multiple spike and wave discharges over a wide range of flash frequencies as low as 1-5 Hz. Treatment with sodium valproate and carbamazepine was unsuccessful. CASE 10 This 11 year old girl had had a number of febrile convulsions in early childhood then remained well until aged 5 years. Subsequently she had infrequent partial seizures during which consciousness was usually retained. She described obscuration of vision and elementary visual hallucinations of coloured light during the seizures, which lasted a few minutes and often occurred immediately after watching television. One attack occurred while toasting a bun in front of a fire and others occurred spontaneously. At 9 years of age she had had a seizure while playing a home video game. Additionally, occasional brief "absences" accompanied by eyelid fluttering were reported.
Five standard and two video EEG examinations (fig 1) showed bilateral paroxysms of occipital spikes and multiple spikes when the eyes were closed. Intermittent photic stimulation induced multiple spikes in the same regions (occipital photoconvulsive response) and was often associated with eyelid fluttering. There was no fixation off sensitivity. One Interictal EEG recordings in six of these cases showed occipital or temporo-occipital spikes/multiple spikes. One patient in the literature was photosensitive on intermittent photic stimulation9 and one of our cases (case 10) had an occipital photoconvulsive response.
Discussion
The median age at first video game induced seizure is similar to that seen in photosensitive epilepsies in general and television induced seizures in particular.'8 '9 There is a 4:1 male predominance in video game induced seizures, despite two thirds of photosensitive patients being female. '9 This has been attributed to a greater number of boys playing video games than girls,9 but a survey of video game playing in American schoolchildren found that 66% of girls and 90% of boys played home video games for at least one to two hours a week.24 Factors other than photosensitivity may therefore contribute to the male excess.
Patients with video game induced epileptic seizures fall into at least three main groups: (a) Those with idiopathic generalised epilepsy and photosensitivity; (b) those with idiopathic generalised epilepsy without photosensitivity; (c) those with partial (occipital) seizures.
IDIOPATHIC GENERALISED EPILEPSIES
Most patients with video game induced seizures had forms of idiopathic generalised epilepsy. Syndromic diagnosis of the idiopathic generalised epilepsy was not provided for any of the cases in the literature. One report was consistent with juvenile myoclonic epilepsy4 and this was the diagnosis in three of our cases (30%), compatible with the high prevalence of photosensitivity in this syndrome. 25 Another patient had juvenile absence epilepsy.
In the reported cases GTCSs predominate. Our series is the first clearly to describe video game induced absences and myoclonic jerks, although they have been described in patients with television induced seizures20 21 26 27 
provoked by the 50 Hz flicker from the mains or by the 25 Hz raster pattern of the picture.1819 Similar mechanisms are likely to be involved in provoking video game induced seizures in photosensitive patients who play home video games on television screens. Self induction of seizures-for example, by rapidly changing television channels-has been described in photosensitive patients,'9 2' but cases 7 and 8 are the first reports of similar behaviour with video games.
Some patients who are photosensitive to intermittent photic stimulation are also sensitive to patterns, particularly oscillating black and white stripes,28 29 
